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* $10X3* : 3^9JT ^ipc^ : 

(31^) GaN-based III-V group compound semiconductor light-emitting diode 
and the manufacturing method thereof . 

1 (tmmwxmm-A • sf^lft^Si^ AMH ) 

^ : (»3fc) P g ; 

( H3t ) Hon , Schang-Jing - 
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teJg0T*fttf: = egg) 



mytm&m • ni/a u j* # aj » #1 ^ » ^ 



slf HB /|p 



mm 

GaN-based n - V group compound semiconductor light-emitting diode and the 
manufacturing method thereof 



3 



7. . 



%m.±M26 
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□ ^EiPiwmfe (im.)j$mmm> ; $*mB?8&mm 

m^m®. ■ mmm a&mr> ^msm -> ^mm%t wmmzi 
1. 



mm. 



2.. 
3. 



l. 



2. _ 

3. _ 
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5. _ 

6. _ 

7. _ 

8. _ 

9. _ 
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2. 
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1. 

2. 

3. _ 

□H*H*±*& = *HM£ ; : BIS : ffiM MBmU 

1. 

2. _ 

3. 



* # 0J! J§ — fl rtW^ifSm-v^^-a-^^^ii^^ 
3fe-ffiit;ft£»l£;friftj' ^:ffi-«aiffl^«ft;fiES ( 

GaN-based) HI-V«f*5f^5:S^-SflS% (light-emitting 
diode ■ ffifgLED ) • £.Wffi& — &fe± ( substrate ) #c Jl — 
^ Mm ahftnWz ( multi- layered epitaxial structure ) • §^ — pj 
^#c^Ni/Au/f _h;£ njmft&mmikm ( metal oxide layer 
' MftJZnO) ft^3fc^mM ( light extraction layer)' iflj 

ffl Ni/AuM 3 5fe tB » n # * 5 & is m m 2. r *$ & » c 

Ohmic Contact) M • JUfll — LED^l S 3fc 1^ H ° 

*b si * m w jj & ' ^mmmw&m — » — ^ jt g 

HMfii * — Ni/Augm^flgJt * — Tfc^tBJf- - -nlilt 
@ ( n-type metal contact) R — pMzkWMM. ( p-type metal 
contact) : • JllS^X^^Ii^/f ( 

buffer layer) * M — ^ if M * 3rj M Jf- (light generating 
layer) - fi^Zl^^iffflf^ ; it c£ , ^Ni/Au^ > 

Il^tl/zm- M^WII^^t® (Rough Surface) ^ E fS 
' SfcW^^^Tfe^dt^ ( light extraction efficiency) • 



% \>X Ni/Au jjsg fif ft Ji m W. 



itt ' mmmm,± - Ni/A-u^fli^/s^jps® » . ^ rt^ 0.005 



el 
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10.2//m^n : 5L ' &LMf&ftfS& 6 c ( Critical Angle) m 
I ' l^ltllf If f I (Wll^f Ift )> £ pJ^IJ 
^T^^^M^tii » I(iNi/Au^t#^p^#M^PR$!jT ■ MM 
ft.mft&2.Pi& • 3B<B-W*ft3S«£* - 

.te^^ftJift^^ffiftX^ftSfi:^**.,. & 

S ?B 83 H ft T ?0 ft tt * # ft X g 1$ : 

oi - a bj @ ^ — rt ^ ^ Ni/Au it _h 5: pj ± & m 
m,<tm c #!f$nznco ifmytmmm • M^j/BNi/Aujt fpjt^ 

SXffiftf&#ft^i|-*S«l!a;£l8!tflSg»ft • Mfltj£-LED;£ 
ft 3fe ft ft ' JaR^SflXffiftlPftS^^l^m» Sfe rT ^ 3fe 15 m 

> Rmmm&m • 4$ rt 25 n & « * m^nrnw • ^ra^it 

ft flr ffi ft M Jdc ' E.H»£ffi&^5£RTi#?!im = £^ - 

* ft ^ * # ft ^ * mnmm,ftm%kzmv}mikmm • . can 
M3££r^r&* ran; 5g fli » a ; 



04 * # S HJ§ ;£ ft Jff . ft nj jf GaN # A ^ # ( 
Multi-Quantum Well • ffiffgMQW ) InGaN# 4 ^ # ( MQW 
)■ gcAlGalnNS IE - V £ * — g I 

05 » ZnO » InxZm-xO » Sn«Zm.-«0 » InxSnyZm-x-yO^ # W • 



ft; 



ft 



^ m * m m 3t 



^ js * a §i§ 5fe ¥5 



ft 



^ ^ # & 0^ m » 2: & jk 

98 £ 3fe IR fib J* # : 

08 > iif t±7ct^^I 

09- mmmmjZRtMtftmxi&mM cmm m & 400M 
SEfnf ■ ib n ^ * n m m m m m m & : 

■I 5£ SB nj§ $n T = 

19 ffl#m^^^^^^-»M^!l2l#^75^1I 



mi o m fcm&mwmww- n nw 2. m< 

mi 2 m&m^mwftmm^nmm^&i 
mi 3 n % m ^ m. m ft m m m m m m ;t # i 
mi 4 m^m^mmmmmmmmmjtm 

£ 1 0 
_h^t® 11 

n-GaNl21 
@? £B m 2 1 a 

mm m 22 

MQW7£f£/f23 

m-^mmm24 

p-GaNJt 25 
Ni/Au/f27 

m~^mmm2s 
Ni/Auw^mmm M29 

^M301 
dO 3ft 302 

M7£$:£& 303,305 
Hit 307 



ZnO^^PM31 v " 
InxZn.-xO^ tPf 32 
SnxZn.-xO^ M □ iff 33 
InxSnvZn.-x.YO^ la □ M 34 

i#^IlM3IF/r^ ' IS ^ * JE #1 4* ■ :£ S ^ 

» : $P H 1 M 2 H ffi > *»§B^&^nr^^J^T5:#» 

^B.l ' fl&JS r ^*f£±^Sn-GaN^g||tfi^»JW j £. 
^ ff ' flj ffl M » 5" ( sapphire ) Wk it & ( SiC ) f^^lS 

i0' &&mmio2.±m~m um — mmm& ■ i?^* — 

n-GaN^ £ ^ tfe tfl Hit 2 1 ; 

^f£2 • j§ r 4n-GaNl±^I-MQW§tf _, 
^ ' mm^imi > ^En-GaN^^^ B B H rJL^M21±^^c — MQW 

a? m 3 • # n r # ft m ± & m p-GaN^ &&mmm j 

2L#W£ ' mmt£m2> £MQWjg1£J*23±^j£ — Jfp-GaN^ 
( p-GaN-based > $I $D : p-GaN - p-InGaN ♦ p-AHnGaN) 2_m 

H^fll J&25 - RMikmm ( Etching) jf$ §|5 ift n-GaNM 2 1 ^ Hi 
> fH£MQW7gf£Jf 23 - Rmifiv-GaNM 25& |$ • f£n-GaN/f 

21M^" — 0 tti®21a ; 



§R± — mUW2: Ni/Au/f 27 ; 

#SS5 • fi* J3 r ^Ni/Aujf *® tt±Zn05K & P Jf j ££r 
R ' m M t£ m 4 ■ ^ Ni/Aujf 27^ ® . WL±m'J?&l/i mBSt 
^ZnO^f Pf 31 > t Ni/Aul 27^ I ZnO^ f □ f 31 ^ 
p-GaNM 25fH!I ^l:lllf ; 

^ R 6 » fl* 13 r *E ZnO^ IB^ilf ±If ill! j 
£#SB ' mm<£Wk5 ' Rl £n-GaNjf 2l£^£B®21a±f£S — 
nl ^® m@40> M^EZnOm^ □ «31 Jil^H — pM m@ 
50 • IHZnO^f Pf 31IW S^l/z mjp ' i& Rl^ZnO^ 
f P1312:^1^S ( iPZnO^ & P S31^M^#|S|piy ^ 

mat » maififc — led5l»#sb« . izno^t ni3i^ 

' *t M ft 2: 2* ffi fife fcB • 

ZnO)' ^ Rj S fiil i ( self-texturing by sputtering.) 

feffiMfiZ. ' ^CRTS^/S^tS^^ ( physical vapor deposition 
) SfifrifiH ' RT & « ^ m It (ion plating) mffiJ&lSL ' 3§5 
Rj^M^WIif^l^ (pulsed laser evaporation) fefftJ&$L > 
Rl ^ ft fl ^ f£J 7/L 1m ( chemical vapor deposition ) & #t ff^ J$ 

ISJej^ciil (molecular beam epitaxy) $z Ffr 



a] &mmmmmm ■ m $g — ^ se £ led > s nt m i* 
• 3 n ffi > $t0§ii5:ISl . ^ m — m ts 10 > 

S RlS 300^ 450 /2 m ; 

mmmm22> io^±.*® nm^js^iLT-GaN / 

HT-GaN£|gfjJi- > LT-GaNffij3-ftj«g:aE*tgl01_ti£<Eifi 
ISWfll ' »S RT^30S500A'« HT-GaN#^^^^LT-GaN± 
£ ifi /t ' iPjg pJ^0.5M6/z m : 

gE^ — ^3*«J»24« j£ S J* IS « J» 22_h £ GaNS 
in - V M it a" #J ^ ^ ft /g- ( n-type gallium nitride-based HI - 
V group compound semiconductor)' Jp H: "rT J± 2jg 6 # m • ^ 
SfflfiTg*^^ 980^ 1080°C £H ; 

&ftm±m26-> {%f%mnm-^mwm24±2.G<iNm m 

■Vlft^tl^Ilf (gallium nitride-based n - V group 
compound semiconductor) 5 ffi M ffi %k M ' RT;SGaN#Jl^p 
# (Multi-Quantum Well' fJffgMQW) InGaN# * # ( ' 
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MQW) ; w 
^^-^^11^28 ' 1 4 1 26± pfgJ GaN 

ll-Vlj^i^lil ( p-type gallium nitride-based IE 
-V group compound semiconductor) > ffij $0 : p-GaN - p-InGaN 
* p-AHnGaN^^JIr/ift/f ' W Rj^E 0.2M 0.5 # m • ^ ^ $g. 
^Tg^^E950^ 1000°C : 

i£Ni/Au^*§^jf 29 • mmtfinm - ^^fijf 28^t® 

' iP^ nf^0.005M0.2^ m : 

m^cmtHm30 • ^^/£^Ni/AuJ*29± RT^:fc;£&JB ft 
ftl (light-transmitting oxide-metallic material)' qj ^ ZnO 
#Jf '.m&M&'&l fi m » HWffi^^t ® 301 » i^Ni/Au 
/S29fF;l§5fcS5ft/f 30Jfa|| - ^9IIJt28M^Dt»SMIV : 

SEn&&JBms 40 ' ^f&g^lg — till 24^1{±}M 
24a_h : 

tiB JS 30 njf£ IE ( active region) ffiifca^^MSJ^ 

^7fc^tBM30^{PJJiftBi^® - mmmyt (emitted light) 2_ 

ill ' JUft7l-»#ieiH£#iKai* • 

& 5fe £ ± jt 26 ( ip jg ft jt ) ' ^ °r fi & s§ - m n jv ( 

epitaxial layer) • J. ^ H bb M ' Ef3 AlGaInN3l I-Vlft p 
^ |g |f jff (aluminum-gallium-indium-nitride-based HI - V 
group compound semiconductor) FftMJ% • 
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- at 



SnxZnl-xOB#W - ^ & InxSnyZnl-x-yO^ U If ffi M 7£ ^ 
Mftm&MlO > fcnJUffimm X refractive index) M 4> 

mytm&miO • 2fc RT l£ nM « 3* n-type conduction) ^ 
p!L[^^ ( p-type conduction ) £. ^ Jl ^ -f-b iff # : 

I3fe^till30 ' ^RlliBft±7uf ( rare 
earth-doped) £ £ Jg M, it M # : ■ - 

transparency in visible range) ^ ^ M ^ f£ m % ' #!f $D : fe 
H^^4G0S 700nm# ; 

m m mm 4 m > ^#^^^^tBM3o> jp » ^ 

£$bK RT^ 50AM 5.0 /z m > jft pJjpMft ; fi^LED^^^^ 
B 1*3 'WW 4 1^ £l ^ 0 c ( Critical Angle ) \>X fa 72. ft 

^M3oi > sifch ■ ^wj5^^fiuii 302 ' m ijuftz 
mm • 
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mmmm 5 ^ e mm^ ■ mm mm > mftmmmso® \ 
mm ' m — *jm^m<zmm > mi&f£miz®c$& >. mm \ 

«*t myt^mmmm • mm 5 mm^ > ^M?s&m303 • rj 

H IB ii M^cH^if ff# ■ ; $DI6 ffl^ff ^ • KJB7EJRI&305 • 

rt jg eg ^ at « c ) # ; Rnm^^mm^m<t% 

> « . » HW307M 

rn^rnm 9 m 1 omm^ » & ii ~ * #1 *p > * # 

R*:3gfcPt«fc^jr5fi0!l#fBlRl > M#«5,63fcJl£#l*5a,6a • ^ 

*£SR5a ■ f^M r ^Ni/AuJS^® it ±InxZn..xO^ & □ J* 
j ' 4 • ^Ni/Aujf 27gtM > 

mjp^ ^InxZn,-xO^ ffi P J»32 ■ M Ni/Aujf 27fF f§ In.Zn.-.O 
»32Hp-GaN»25F^5lKiS^»Jap : 

31 J ' mm#m5a > RTSn-GaNJf 2l£fl£fci ® 21a± 

f£g — nlil mt!40 ' M^EInxZn.-xO^ ^ □ JS3 2_hI£g — p 
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m±mw.M5o> & HinxZn.-xO^ m pi 32it i/> i u m mm 

' # Rr^In.Zni..0^f&PJ»322l1»»*® ( SP In.Zm.,03fc ft 

S £ # £ £ * #1 $6 IB pg •. 

#H5b > #B r : fiENi/AuJ&^®|t±Sn»Zni.«09£ & P Jf- 
j ' mm # ^ 4 • :£Ni/Au/f 27^® • ig_hM^^l/z 

mp fi? £ SnxZn.-xO^ f Ni/Au/f 27fF H SnxZn.-xO 

% ft P J»33Klp-GaN»25M £Bfc*8 3g»J» : 

#S*.6b» fill. r ^SnxZn.-xO^M^^mjf ±M^*MJ^ 
i j • il#!5b > RT3En-GaNJ»2l;£»aj® 21 a± 

fxM — nl ^Mm^40> M i£ SnxZm-xO^ §Pl33±fxl-p 
l#Ili50 ' ISSn^Zni.O^fPf 33IWS^l/z mJ¥ 
>g ' 4fe Rl^SnxZn.-xO^ ft P Jf 33£ ft flf M (fiPSn.Zm-.O 
^ft P M33^M^F^-|S|p§L[ ^® «H50g*»£SI5f9- ) • it - 

• ffn=BWffl«5*®33mfi?£i&ft ; utm^ 

K Jfi $5 m Ji JH » MtI#:*:»i!§£*»ttffiffi#2:»JB% . 
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If # H 1 311 4 HI $t 7f > ^ H 0 ^ i^ij 43 . 
5C,6C » ^tf = 

^«5C • f£ j§ r ^Ni/Aujf H ±. In.Sn,Zni..-,05fc ft 

pi j ' mm&m* . ^Ni/Au^27^® . ^±5^ 

i£ 1 mff £ InxSnvZn.-x-yO^ ^ P Jff 34 > M ^3 Ni/Aulp 27 
^InxSnyZn.-x-yO^ |P| 34H p-GaNjf 25 B£! J# ; 

^ ^ 6C > il r tE InxSnyZn.-.-yO^ SSB^^M-tSE^fg 
®*Sj5l^*»»j|B^»5C» *T^n-GaNjff 21 21a 
±z9iW — nl £ jg m t^40 ' M ^InxSnyZn.-x.yO^ ^ P /f 34_t 
Ixl-pltllt50 > J. S InxSnyZn.-x-yO^ f& P /ff 34^ W 
M4> 1 # mi¥j^ > Sfe nJ^InxSnyZn.-x-yO^ fPf 34^f lif 
( IP InxSnyZn.-x-yO^ & P iff 34^ ® ^ "a" J£ pi ^ Jg % ^ 50@ 

* » 0j ^ & £ & m n m m m m m m • m fit # * » m m w 

• * & % ttj ¥ ; #J £ ^ if . & if jp. s g f ^ ^ £ n f ij , ^ f& 
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$t ss ^ & j ' ^ ^ ^ ^ & T £ ^ B : 

(a) &mt&±J&^ n-GaN ^ m bb M ft M £ & R ' f!I ffl 
M»5lKfi^<t^ ( SiC) fFfS*f£ ' RtEMfc2.lL&mj&f& 
— W.WlWWt ' ^ J^C ^ — M n-GaN % £ ^ H M W. if » 

( b) £ n-GaN J# ± S - MQW 14 M £ # W > m M 
&m ( a). 1£ n-GaN ^ £ % B S H ffl Jf ± - MQW £ y£ f£ 



( c ) & J£ 14 M ± f% M p-GaN II 0 H 0 SiI^^S ' & 
( b ) • MQW Stti»Jb»^ — » p-GaN % 

( p-GaN-based) Z. H A m W. M ' & $X fc& 2fl i» SB f& n-GaN 
jf gt® -ffif& MQW ?£1£Jf ^ SMfr P-GaN Jfr^Rft- ft n-GaN 

( d) # p-GaN Jf^tMif _t Ni/Au ' 

s iM & m ( c ) ' rt^eiss!I»*i»3: p-g & n jv ® • at ± - 

Jf Ni/Au M • 

( e) £ Ni/Au Jf £t®St± ZnO & ® □ Jf ' S? « 

# ( d ) ' 1± Ni/Au Jf it ® ' i£ ± M ^ s ^ 1 // m Jp £ ZnO 
^mUM ' 3£S Ni/Au Jf fFM ZnO *^Pjf #t P-GaN jtm 

(f) ^ ZnO^10^ili±If tlll^^i ' J£ 
HX^R 5 • RJ& n-GaN Jf£®£ti®±f&^ — n M H « H ' 
M^ZnO^^P«±f^m- Plilii ' ZnO 

18 



mm 




: ft jtt ' \>x m j& — led ^mytmw 

SUcSSfctf (Sic) , a***^^^ 



f¥$C:^ — /f n-GaN ^ ;£ 



HH 



S3 



( b) ft n-GaN ± * - MQW gftf^^ 



* » m ( b ) . « mqw mitm±met-m P - G aN * 

(p-GaN-based) 2 * ft jff * » , A tt tt *0 * » ffl » n . Ga ' N 
-*S-g|3«} MQWg (t I. XI!ftp . (J , Ni8Bti . Je n-GaN 
— JSiiiffi ; 

Cd) ft p-GaN»» Bft± Ni/Au « » » » £ ^ « , 

** B (c) ' P-GaN mmm ■ igj,- 

iiSi Ni/Au Jg ; 

(e) ft ui/Au mmmm± in x z n ,. x o «gniftti 

fe.**g5 (d). ft Ni/Au Jf*® ■t±I*4^m 
I»»Zn, l0 *fa f , i4 Ni/Au fff^jg In,Zn,.,0*«b 
I5f P-GaNJ|f|i5,£lS;#gg|$§jjf ; 

( f) ft in x zn,. x o MmB?imnm±n^mmmmz& 

« ' mm^Wi (e). ojft n-GaN Jff2Staj®±i£S- n M 
■ ftft In x Zn,. x O **D»± HB _ p 

« ■ in x zn,.„o xmnmzmmmm ■ m^mmmmm 
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s ° 

( a ) |ESS±^1 n-GaN ^I 0 H?/Lif . jflj /Eg 

mm ' — Jff n-GaN 35 £ g H iJ[ i« fl| : 

"( b) ^ n-GaN Jf ± #c J| — MQW ?g t£ flf £ # R • & jR 
( a)' # n-GaN ^ £ M Jl #1 SI /f -t 0 #c — MQW ^ 14 

iff •'' 

( c) &m&m±f&& p-GaN Mmikmmm2.&m » g 

flf # K ( b ) » :£ MQW f£ M ± W til — M p-GaN ^ 
( p-GaN-based) £ ^ J| #C ft Jf- . JE .JU 14 M & /ft g|5"f& n-GaN 
it*® ^|3f& MQW rStt^^^f^" p-GaN J? # g£ . n-GaN 

( d) & p-GaN mmmm± Ni/Au tuiii > 

mm^M (c). R]" fife M & ffcl & 2. p-GaN Jt^tM ' — 
Jt@}?;£ Ni/Au Jf ; 

( e) Ni/Au «^®li± In x Zn,. x O m2L*£W%. ' 

mm^m c a ) > ^ ni/a u » gt ® . > m±^.'j?& i vmmmz. 

Sn x Zn,. x O ^^PM ' MS Ni/Au Jf f ^ J§ Sn x Zn,. x O 
Mm P-GaN Jf f^l^^Jf ; 

( f ) & Sn x Zn,. x O ^^0^^«M-t5g^^®MS^^ 
6E ' W;W.t£Wk ( e) • pJ^ n-GaN Jf£®£BM±f£M — n M 
illl ' M^E Sn x Zn,. x O ^.^PJS_ti&g — P I^il 
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m > Rift sn x zn,. x o 7&wnmznmmm > m^mmmmm 
mmmmmmmmtef&m • mitt . mu^- led 

-mmm'ik ' — /f n-GaN *T £ ^ H flf jjf ; 

. ( b) ^ n-GaN Jf Jfc fig ^ - MQW m&mit&M ' jg Jff 
&m ( a) > ^ n-GaN ^ £, ^ j| ^ ^ J- ^ ^ _ MQW £ ^ 

'( c) & fe'l±m±f%M p-GaN ^SJItfEfllJtf^S . g 
m&m (b)> ^ MQW ft Jff _t ^ - m p-GaN ^ 
( p-GaN-based) .Ttm&mmm > £ f 4 #j ft SR f# n-GaN 
J**®*SBf& MQW Jt^SSBf& P-GaN M^^^ n-GaN 

( d) & p-GaN fg± Ni/Au ttiif » 

mm&m (c). m&mmmMm'z. P -GaN > m±- 

Ni/Au jf ; 

( e) & Ni/Au if ^tM|g± In x Sn Y Zn,. x . Y 0 ||pf^ 

# r ' mm^m c d ) ■ & Ni/Au /t ^ ® . §&±m'j>& 1 # m 

il H: In x Sn Y Zn,. x . Y 0 35 H □ » t£ ^ Ni/Au f f^^ 



In x Sn Y Zn,. x . Y 0 ^ ^ U M ^ p-GaN f r B 1^tiilf ; 

( f)^E in x sn Y zn,. x . Y o % mm mm m ±m^ mm mmz 
#m ' mm&m c e) > nj^ n -GaN j*£sr£ij®±s&B — n 



m&mnm > m& in x sn Y z n ,_ x _ Y o 76 mn m±^m~ pm# 

' In x Sn Y Zn,. x . Y 6 ItPl^Slif > M^^t 

®*SW=ftW*B«*M3cB:fcjH:» ; liifcb . &mm- led 

5.- s r Mftiism - v m fc&yi ^mm^m^-m' 

#f - Ni/Au gfc#SM®J^ * 



K # iff SI' H *g «• x ^ m & 

R ffi J* ' i»Sfii±-*Sf ^figi LT-GaN / 
HT-GaN Ttmmm • LT-GaN fli^^ISIil^H^^' 
> HT-GaN ^1^14 LT-GaN i^S^if f ; 
i^-fllf ■ ^figfi^tttffli n fg GaNSl- 

^5£^£jf ■ Hil^i-flifj-^ GaN^ffl-V 

j^^^^^HEisjt . i& mum fern • Rim g 3 n 

C MQW ) ; 

ii-^IH • fl*/£S^3fe£±J*±2: pM GaN m 
SSf Ni/Au Rgggffiff . ^^^^^-^HC||jt^® ; 

^7fe^£B/f ' mmfcti* Ni/Au j»±RTS3fe^^Jlft'ft; 

JV ' Rlf§ ZnO #f| > Bmm'J?& lfim> J. H ^ ffi H ^ ® ffi 

^^tM^IS7£|&j&> 3£S Ni/Au Jff^jt^fcsstBJii^^-^ 
9fllJtM£lit*8&lKfff ; 
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^mmzmft-mm j > » ^s^^jps • rt^ 300 s 

45 0// m ; LT-GaN ^j¥S'RT^30M 5 00 A ; M HT-GaN 

^'ff S ' RT^E 0.5 M ; ^£«j»;£jpfi • rT:£ 

2 3E 6'fi m : ~ ^^WM ' R7 J§ p-GaN * p-InGaN - 

p-AHnGaN ^I H s H ??Lif ' . J¥ Rl £ 0.2 M 0.5 fi m ; ^ Ni/Au 
tiiif ^ffg ' 0.005 1 0.2/zm = 

InGaN # M ^ # ( MQW ) - 

^jS-I B B B f ' JL^SHJ* ' f^S AlGalnN S III - V fi£ ft 
In x Zn,. x O gMI^i^^ilifti » JL O^X^l • 

io.jd ^ if m m m m m 5 jmz r mitmmm-v mit^Vd 

Sn x Zn,. x O It! ^ij^^tliftf • J. O^X^l - 

11 ^ it 9: m «g h ^ - 5 Ji £ r mitmmm -v mik-sty) 



In x Sn y Zn,. x . y O l#ff fi^^iiftf . £ O^X^l > 
5. OSY^l » J. O^X+Y^l - 

mm p iii^iiiftit ■■ 

i4.$o^it i fijiBi 5 ii £ r mitrnm m - v j^-hia-^ 

is. #n ^ iff ¥^JtGH^ 5 ii £ r M-feiS^X m -v ^f-h^-^ 

^^Rrm3fc^^f£®H^:^»ft^»# - r mm 400 

M 700nm £ ffU ° . 



ft no m n w is # no pi m m > & m m wl m m • 



«r no m n w ® * no pi n > ^ # « as & & . 
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